EVALUATION OF REPAIRS TO CARBON-EPOXY COMPOSITES
IN AIRCRAFT APPLICATIONS

Funding : Programme for Advanced Technology. C.M. Culligan (M.ENG.) Advisor: P.J. Malion

OBJECTIVES COMPRESSION RIG

To Evaluate current Repair Tachniques used for the Repair of carbon-epoxy @ Tha compression rig Is designed for laminate
composits alrcraft compensnts.

coupons 260mm by 160mm,2mm thick l.a,
16 ply.

' = b
PROJECT APPROACH . R arier o ce praraate
providad In the form of 2 channels lightly

Manufacturs of sultably sized coupons to conduct rapairs and mechanical tests. clamped st aither face of the coupon.

Simulation of damage.
Rapair of damagad coupons par structural repair manuals.

Repair patch.
Mechanical tasting of repaired coupons (Tansiis and Comprassion tests on fiat ; 16 ply test coupan
faminates and 4 pt. bend tests on sandwich beam structures.) .

Comparisen of repaired strengths with damaged and undamaged control coupons. Anti-buckling face support.
Comparisen of repairs from various sircraft Co. structural repair manuals, : - — Edge clamping piate.

DAMAGE SIMULATION

Damaga Is Infiicted upon tensile,compression and sandwich coupons by drilling
4 25mm hole represanting cleaned up damage and aiso by using a drop weight @ 4 Point band test allows comprassion and
Impactor to induce deiamination damage.

tenalla tasting of thin skins l.e. 4/6 plles
on a sandwich structure.
TYPICAL VAC-BAG AIRCRAFT Vacuum connection
@ Sandwich bsam 1w are 600mm b
SKIN REPAIR. Vacuum bag 160mm,4/6 ply h:u::g:: ;.n a 3:;:‘m Y
aluminium honeycomb core.

4 POINT BENDING RIG

Bartec crosshead jaw.

Repair patch

Imm & i Release fim  Repair piles COM \\.\\\\\\\\\\‘\\\“‘\‘ e rtee machine bed




Thermoplastic Composites. i, e e, e o

PROJECT OBJECTIVES _ " BACKROUND INFORMATION

+To svaluats the effects of plastic media blast (PMB) on tharmoplastic composites. From time to time In the service lite of an alrcraft it must ba rapainted.

+To determine safe combinations of the variabies in the procass for use on thermopiastic Howaver before the alrcraft can be repainted the old paint cost must first be

composites. removad. Until the last number of ysars the old paint coat was ramovad chemically.
However tha chamicais ussd can be damaging to composita materisis and aiso
produce large quantities of toxic wasts. As a result new methods for the removal

APPROACH
process are being devsioped. One of thess Is the Plastic Media Blast (PMB)

* Manufacture of panels from tharmoplastic composite materials. .
method. This approach utilises s pressurised Jet of small plastic particies and is

* Painting of panais in ¢ rdance with British Aerospace specifications. 7 very similar to sand blasting . The figure below left shows the procass and the
* Ramoval of paint using plastic media In a shat blasting cabinet. ¢ > varlables Involvad.
« Asssssmant of damage caused by PMB removal process by comparing propertles of stripped

paneis with propertiss of bassline (unatripped} panels.

DIAGRAM OF SHOT BLASTING CABINET

Wall of Jetstream 88 cabinet 2| DA Ui Col letor

Tl

Mounting for gun to allow
both vertical and rotational 7 /Gomptm air ling

nozzis sment
\ - - | Foed line for madia
media jet |_Paintad panal clampad to
| movabis plate
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VARIABLES IN PMB PROCESS

Floor of cabinst \
Plastic media sioraga space

%) Beting pressurs (%) Standoft distance h
£ Wedin Sacwss ) Angle of incidence O
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OBJECTIVE

@ Analysis of the springforward effect in thermoplastic composites
using finite element methods and a computer aided design
program

APPROACH
e Simulate the draping process to predict fibre orientations

® Develop a finite element model of the formed part to
pradict the springforward effect

@ Manufacture paris and compare with predictions

SPRING FORWARD EFFECT

@ Spring forward effect on a ninety degree bend

® Change In angle nominally equals 1.8° ( -45/0/45/90)s

o Surface Is generated using parametric representatien
o Draping of the fibres are on to the generated surface

FINITE ELEMENT ANALYSIS

® Thermal stressas are induced ia a laminate as a result of
temperature change

# The finite element analysis of a formed part yleids siresses and
deflections as it cools from processing temperature to room

temperature
ASSUMPTIONS

1. The material layers behava macroscoplcally
2. Stress free temperaturs Is 380°C
3. Material behaves orthotropically
4. Ne tsmperature gradients across laminates
5. The effect of the diaphragms on the laminate Is negligible
6. The cooling rate Is in the range of 10 to 768°C / min for
APC 2

7. The materlal properties are temperature dependent




Consolidation Measurements of it Y
Thermoplastic Composite Materials Findng:srre conam

OBJECTIVES

» Construct consolidation apparatus.

« Record optimum conditions for consolidating Thermoplastic Composies.
» Datermine the relationship betwesen Prassurs and Transvarse Flow.

Se. Poin. Temperatuce = 365°C

Temperature (*C)

APPROACH

« Design and construct apparatus for consalidation expsriments.

« Parform tesis In pressure rangas fo 1 - 20 bar for various lay-ups.
« Full consolidation will be sstablished by microscopic sxamination.
» Transvarse fiow wiil be measured as an incraasa In width,

20 0
Thme (mins.)

A graph of tha heat-up time for tha platens. The set point
temparatura Is 385°C with the computer controlling the top and
bottom piatens ssparataly. The spparatus reaches a steady
atate temperature aftar 16 minutes.

Thermocouplas Heated Platens

S = ‘ ¥ = ——ta— Displacemei
Alignment BR4e AN = ', 35 wfeer toad ]
its 8, V725 8 ;

Imen Elements
sulation Pressure

i
To EXP-16 Transducer H
;u 200 360 400 500 600 700 500 300 000 Z 200 400 560 800
« Thermocoupie raadings from the top and bottom piatens are Time (see.) '“D;
by a PID controller and the heating slements are then s
tumed on/ofi by thia controller.
F . + Prassure and displacemant read! are fod back to the
« The 'Dartac’ Press can apply a load of 0 -100kN at computsr via the EXP-16 mulllmb:.:dﬂlm DAS-8 analog « Graphs of the load on the spacimen and platen displacement versus time.
vorleus eied. 10 digital converter. ' « Tha ‘apring back’ affact is evident when the load Is removad.
* Thus for a 150 x 150mm specimen, a pressure of « The ‘Dartec’ software records the load ramps and crosshead + This Is due to the siastic nature of the fibre bundies.
.08 - 4.4 MPa (6.5 - 540 psl) can be achlavad. displacement. )

‘000




Measurement of Shear Deformation Behaviour
of Thermoplastic Composites

OBJECTIVE
Obtain interply and intraply shear data for thermoplastic composites

APPROACH
» Besign and consiruct shearing apparatus to perform interply
measursmants

* Perform tests according to tha following parameters :
Procassing tamperature +20°C
HNormal pressure 1 - 4 bar
Shisar rates 1 - 10 1/sec

» Evaluate offacts of shear strass on layup, matrix viscosity, fibre type and
matarial forma.

+ Examine specimans microscopically to determine Intraply deformations

TESTING APPARATUS OUTLINE

. DARTEC 100kN Universai Straining

Frame 7. Long stroke LVDT
Heated platens 150 mm x 150 mm 8. High pracision lsadscrew

A. M. Murtagh (M. Eng.) Advisor: P.J. Mallon
Funding: BRITE/EURAM

DATA ACQUISITION
AND CONTROL

Nermal force

OE?ERPLY SLIP
curs betwsen the plies
: “in uu'l?n.ﬂ':m;)ﬂ PLATENS

+
LAYUP

i
ya Temperature
Y e Pressurs
ra Platen disp.
o . Heater

control
INTRAPLY SLIP s
(Occurs along the Individual

fibres In a ply)

PROJECTED RESULTS

Veloelty V
7 6;7 Arss ; ™ Force F

i
Shearad Angla Y

. v I
Shear rate 1=%—=ﬂ_h| Decraasing

ummlu:r

n = Viscosity Shear stress t=1j= ~—
n=No. of plies .
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and inasiation
. Teat layup
. Rear clamping mechanism
. Pullomt ply clamp

9. Fisxible coupling

10. 30 W DC motor

11. Shaaring apparatus supporting frams
12. DC coritroliar
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The Repair of Ther
Using Induction Heating

GENERAL PROJECT INFORMATION

* impact - induced delaminstion causes & large reduction of
in-planw compressive strength

* Sireagth can be restored by reconsolidating the madrix il * Turntsble is Incorporsted with & comprsssion

rig to consoliiste the hwated composits panel
& The Composites Ressarch Advisory Group (CRAG)
standsrd for compresslon sfisrimpsct teats witl be vend = Températurs measursment is sifacted by the
for pre- and posi-repalr strength-analysis magreiic fleld - & posalble soiution is & fibre
: optic probe

OBJECTIVES ® Further problams Includs pradiction and control

o Investigsis the Induction heating of APC-2 laminates : Sl CUomba S powesguipt and e

TURNTABLE DESIGN

® Usa Induction heating with sdditional pressurs to rejuvenate
Impact - damaged APC-2 laminates

& Evaluste strength recoversd sfter repair

IMPACT AND COMPRESSION RIGS e INDUCTION HEATING
i &1 PRINCIPLE

e
weight

Duriec
Guide Pin Crosshesd

Upper Clumping Ring
Lower Clamping Ring I Derec Too! Plaw

Buve Pt Compression Plate ; & Tha alternwting magnetic fleid “Induces™ currsnts In the carbon fibres
S S of the compuosfie, csusing Jouls hesiing

® The power transmitted is a function of coll geomelry, proximity to the
°°'“P°'|W- currend frsquency and iaminate lasyup

& The "cold spot” is sliminsied by roleting the workplece with the coll
oftsst. Alsc, ther I no “skin Septh” for APC-2




Crystallisation Effects In Thermally Aged

APC-2 Laminates

OBJECTIVE

To detsrmine the atfects of thermal aging on the crystallisation
behaviour of polystherstherketons matrix composites

APPROACH

Material
« APC-2, Carbon tibre reinforced PEEK.
Manufacturing Technique

« Comprassion Moulding, cross ply and unidirectional
faminate geomatries were prepared.
Conditioning
« Thermal aging was carried out at 250°C and 310°C. Laminate
geomatriss ware thermally cycled from room tamperature to 250°C.
Tachnique
« %crystaliinity was measured by Differential Scanning Calorimetry.
Samples woere cut from agad laminatas at selected Intervals, 0,2, 4, 8, 16,

32and 48 weeks.

THERMAL CYCLING AND AGEING AT 250°C

Multiple meiting peaks observed

The lowar melting andothermic psak
appears a8 a movable superimposed
fsature on the lower sids of the main
peak.

it shifts to higher temperaturas and
becomes Incorporated into the large
endotherm Le. & crystal perfection
process.

Small low temperature sndotherm arises
dus to rearganisation of crystaiiites and
fusther additional crystalliisation .

Laminate %crystaliinity increases on
sioving and cycling at 250°C for periods
of up to 48 weeks (Fig. 2)

The same trands are obsarved for both
iaminate geometries whether stoved or
cycled st 250°C.

k=4
Tempersture ()
Figure 1

Typical DSC secans for aged laminates
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Aidan Carew (Ph.D.)
Advisor: Dr. M. Buggy

THERMAL AGING OF LAMINATES AT 310°C

At 310°C, the crystals attaln a high
perfection and a single meiting peak is
observed.

On aging, the peak becomes sharper and
narrower and moves to higher
temperatures as the crystal perfection
process continues (Flg.2)

Tha % crystallinity Increases initially,
further aging reducas the % crystallity
balow that of tha control . (Fig. 3}

tempurature { €)

Figure 2
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Fractographic Analysis of Flexural Fa
Aidan Carew (Ph.D.)

in Therma"y Aged APC-2 Laminates Advisor: Dr. M. Buggy

OBJECTIVE
« To detsrmine the sffects of thermal ageing on ths fillure
mechanisms In unidirectional APC-2 laminatas.

APPROACH

Materizl
« APC-2, Carizen fibre reinforssd PEEK.

Manufacturing Technique
« Comprassion Moulding.

Conditioning
» Continuoug sgeing at 250°C.

Machanical Testing
« Room temperaturs flexurz| testing at salseted Intarvals;0, 2, 4, 8,
18, 32, 48 wks.
Technique
» Scanning Electron Microscopy

- e

« Comprassive and tensile fracture 4 : %
surfaces seperated by neutral axis, (X150). ; / | ':I.::’?;(;;)" e T
4 K 5

« Nots piansr fractured arsas.




